Objectives: The purpose of this study was to estimate the value of preoperative electrocardiographic (ECG) 
Introduction
Patients undergoing peripheral vascular surgery have an increased risk of postoperative cardiac complications. This is probably due to the high prevalence of 12 associated coronary artery disease. ' The assessment of cardiac risk before surgery in these patients may be difficult because they often have claudication or critical leg ischaemia that limits their physical activit~ thus concealing any cardiac symptoms. Hence, conventional exercise testing cannot always be performed. When it is possible, an ischaemic response to even low-level treadmill exercise testing has been shown to offer valuable predictive information before vascular surgery. 3 Several methods for detection of occult coronary artery disease have been proposed in such patients. The presence of silent myocardial ischaemia by ambulatory electrocardiographic (ECG) monitoring has been shown to be a significant risk Please address all correspondence to: Johan von Knorring, IV Department of Surger~ Helsinki Universit~ Central Hospital, Kasarmikatu 11, 00130 Helsinki, Finland factor for postoperative cardiac events after vascular surgery. ~-~ Dipyramidole thallium myocardial scintigraphy can also identify patients at risk before vascular surgery. [7] [8] [9] The present prospective study was performed to determine whether preoperative myocardial silent ischaemia, as revealed by ambulatory ECG monitoring is a useful predictor of major as well as of minor cardiac complications in patients undergoing proximal vascular surgery.
Patients and Methods
One hundred consecutive patients, comprising 40 patients with intermittent claudication, 28 with critical leg ischaemia and 32 with abdominal aortic aneurysm scheduled for aortic or aortofemoral reconstructive vascular surgery were included in the study. Treadmill exercise testing was performed in 38 out of 40 patients with restricting claudication symptoms. Patients with aneurysms and normal limb haemodynamics as well as patients with critical leg ischaemia did not perform treadmill exercise testing. A constant speed of 3.6 km per hour and no inclination was used during the low-level exercise testing. B The testing was terminated after 10 minutes of exercise, or after onset of restricting claudication, angina or dyspnoea or if the patient developed ~ i mm ST segment depression during the exercise.
The patients were monitored through the operative procedure. Serial ECGs were recorded up to one week after surgery for evidence of cardiac ischaemia or arrhythmias whenever heart symptoms occurred, or changes were obtained in routine postoperative ECGs.
Postoperative cardiac events included myocardial infarction, unstable angina, pulmonary oedema and cardiac arrhythmias. The diagnosis of myocardial infarction required new Q waves of at least 0.04 second's duration and l mm or more in depth, associated with increased activity of creatine kinase MB isoenzyme (CKMB). The diagnosis of unstable angina included chest pains judged to be consistent with angina, new T wave inversion and ST segment depression that returned to normal within 48 hours, not accompanied by an increased CKMB activity. Autopsy was performed on all patients who died during hospitalisation.
Ambulatory ECG recordings were performed in all 100 patients as a part of routine preoperative work up. For the recordings, 2-channel Reynold's tracker cassette tape recorders were used using C90 tapes with a recording speed of 1.47mm per second. The analysis was performed with a Pathfinder 3 (Reynolds Medical Limited, Cawthorne House, United Kingdom) replay unit using the triggered timing track as time reference. Monitoring for 24 hours was performed in every patient. ST level calibration was performed using the standard calibration pulse in the immediate beginning of the individual recordings. The ST filter time constant of 16 beats on normal beats only was used. Significant ischaemic ST segment depressions were defined as: planar or downsloping ST depressions a 1 mm 60 msec beyond the J point that persisted in consecutive beats for more than 40 seconds. The time of onset of ischaemia, the presence or absence of symptoms and heart rate at onset were recorded. Because of the type of equipment used, the duration of ischaemic episodes and cumulative duration of ischaemic episodes could not be recorded automatically.
Statistical analysis
The X z test or Fischer's exact test were used for statistical analysis. A confidence level of less than 5% was regarded as significant.
Results
Preoperative ischaemic ST depressions on ambulatory ECG monitoring were observed in 24 patients. Nearly all (95%) ischaemic episodes were silent. There was no association between previous myocardial infarction, angina, congestive heart failure, old age or indication 
*p < 0.01 **p < 0.001 for surgery and ambulatory ischaemia (Table 1) . When all evidence of previous ischaemic heart disease was included a statistically significant association with ambulatory ischaemia was observed (p < 0.01). A good correlation was also seen between an ischaemic Eur J Vasc Endovasc Surg Vol 9, February 1995 response to exercise testing and ambulatory ischaemia in the 38 patients in which exercise testing could be performed (p < 0.001). Hence, in six out of nine (83%) patients both tests were positive, whereas only three out of 32 (9%) of the patients with negative exercise testing had ambulatory ischaemia. A total of 20 cardiac events were noted ( Table 2 ). Three of the four myocardial infarctions were fatal. All infarctions occurred on the day of operation or on the first postoperative day. Unstable angina and transient ST segment depressions, not accompanied by an increase of the CKMB activity was observed in eight patients. All patients with atrial fibrillation required conversion of the arrhythmia with drugs or with electrical cardioversion. One patient, with no evidence of preoperative cardiac disease or respiratory disease, died six days after the operation of irreversible respiratory failure.
The cardiac events were significantly associated with an age of 70 years or more and with a history of angina or myocardial infarction (Table 3 ). There was no significant association with treadmill exercise testing or with extent of surgery. Of the 24 patients who had silent ischaemia, 16 (67%) had some cardiac events (Table 4) , whereas only four out of 76 patients (5%) without preoperative ischaemic episodes had cardiac c()mplications. Hence, the presence of ambulatory ischaemia had an 80% sensitivity and a 90% specificity for predicting postoperative cardiac events. Even in the group of 64 patients without any evidence of coronary heart disease by history or ECG, a strong association between preoperative ambulatory ischaemia and occurrence of postoperative cardiac events was observed (Table 5) .
Discussion
In several recent publications preoperative silent myocardial ischaemia as documented by ambulatory ECG monitoring has been shown to be useful in the prediction of cardiac complications after vascular surgery. 4-6'~°A1 In some of these studies 5"11 myocardial infarction was chosen as the only predictable cardiac complication, whereas in other studies 4'1° unstable angina and pulmonary oedema were included as well.
In the actual study heart arrhythmias were also included. Hence, in five patients with preoperative ambulatory ischaemia, rapid atrial fibrillation occurred, requiring drug treatment or electrical cardioversion. After major surgery atrial fibrillation is not a benign cardiac complication, particularly in patients with coronary heart disease. 12 Our findings demonstrated that the presence of preoperative ambulatory ischaemia had an 80% sensitivity and a 90% specificity for predicting postoperative cardiac events (Table 4) . Considering myocardial ischaemia only, the corresponding figures were 50% sensitivity and 78% specificity. These findings are in good agreement with other recent studies. 4'11 Like these studies we also found that the absence of preoperative silent ischaemia predicted an excellent postoperative prognosis, negative results having a 95% predictive value. 1°
Correct interpretation of ambulatory ischaemia can be disturbed by many factors, such as positional changes and pre-existing ECG abnormalities. 13 We excluded patients with left bundle branch block, but we did not consider the influence of other pre-existing ECG abnormalities or of positional changes on the interpretation of ischaemia.
Due to the indication for surger~ treadmill exercise testing was performed in less than half of the patients. A good correlation between a positive response to exercise testing and ambulatory ischaemia was observed. Hence only 9% of the patients with negative exercise testing had ambulatory ischaemia. In our previous stud~ in patients with peripheral vascular disease, able to perform treadmill exercise, valuable predictive information considering postoperative cardiac complications was demonstrated. 3 In that stud~ a sensitivity of 58%, a specificity of 89% and a negative predictive value of 84% was observed. In this study, probably due to the small number of patients studied, no significant association between pre-operative exercise testing and occurrence of postoperative cardiac events was observed.
In several studies, dipyramidole-thallium myocardial scintigraphy has also been shown to predict cardiac events after vascular surgery with reasonable accuracy. 7' 9"11 The recent study of McPhail et al., ~1 compared the predictive value of myocardial imaging with ambulatory ECG monitoring prior to vascular surgery found that the diagnostic accuracy of the two tests was similar, with a high negative predictive value of 94 to 96%. However, myocardial perfusion imaging is not widely available, and is far more expensive than ambulatory ECG monitoring. When myocardial infarction is chosen as the only predictable postoperative cardiac event, low positive predictive values are found with both tests. 11 This is not unexpected, since few patients with a history of coronary heart disease will develop a perioperative myocardial infarction after surgery. When other forms of cardiac events, such as transient myocardial ischaemia, arrhythmias and pulmonary edema also were included, we found a positive predictiye value of 67% when ambulatory ischaemia was present.
Dobutamine stress echocardiography can also provide good prognostic data to determine perioperative cardiac risk in patients who are undergoing vascular surgery. 14'15 The test is as sensitive and specific as radionuclide perfusion studies to detect coronary artery disease. 16 However, it needs expertise to provide reliable results.
The results of some recent studies suggest that cardiac morbidity after vascular surgery is most accurately predicted by postoperative, rather than by preoperative silent myocardial ischaemia. [17] [18] [19] In the study of Lendesberg et al., ~9 it was found that longstanding ST segment depression preceded 85% of the postoperative cardiac events, including myocardial infarctions. In view of these results, it is possible that preoperative monitoring is not sensitive enough to identify a very low-risk subgroup of patients. However, the 80% sensitivity found in this study indicates that only four out of 20 events were not predicted by preoperative ECG monitoring. Furthermore, 1-to 2-year follow-up of patients with preoperative ambulatory ischaemia has shown that silent myocardial ischaemia is a significant, independent predictor of long-term cardiac prognosis. 2° Consistent with the findings of previous studies 21'22 most adverse events in this study occurred within two days after surgery, with a peak incidence at 2 days postoperatively. All myocardial infarctions occurred within 24 hours after surgery.
In conclusion, preoperative ECG monitoring for silent myocardial ischaemia is useful in the prediction of cardiac risk after aortic or aortofemoral vascular surgery. It is a useful method when more expensive or invasive methods, such as dipyramidole thallium imaging or dobutamine stress echocardiography are not available, or when patients are unable to perform conventional bicycle or treadmill exercise testings.
There are yet no studies available showing a reduction in cardiac complications by coronary artery revascularisation before peripheral vascular surgery. Until Eur J Vasc Endovasc Surg Vol 9, February 1995 such data are available, patients showing silent ischaemia on preoperative ambulatory ECG monitoring should be classified as high risk patients, requiring close cardiac monitoring during operation and in the immediate postoperative period.
